12 United States Patent

Nagaoka et al.

US010662914B2

US 10,662,914 B2
May 26, 2020

(10) Patent No.:
45) Date of Patent:

(54) FUEL INJECTION VALVE

(71) Applicant: HITACHI AUTOMOTIVE
SYSTEMS, LTD., Hitachinaka-shi,
Ibaraki (JP)

(72) Inventors: Masaki Nagaoka, Maebashi (IP);
Nobuaki Kobayashi, Maebashi (IP);
Ryuta Kinoshita, Mito (IP)

(73) Assignee: HITACHI AUTOMOTIVE
SYSTEMS, LTD., Hitachinaka-Shi (JP)

(*) Notice: Subject to any disclaimer, the term of this

patent 1s extended or adjusted under 35

U.S.C. 154(b) by 0 days.

(21) Appl. No.: 15/554,045

(22) PCT Filed: Feb. 5, 2016

(86) PCT No.: PCT/JP2016/053504
§ 371 (c)(1),
(2) Date: Aug. 28, 2017

(87) PCT Pub. No.: W02016/143434
PCT Pub. Date: Sep. 15, 2016

(65) Prior Publication Data
US 2018/0066620 Al Mar. 8, 2018

(30) Foreign Application Priority Data
Mar. 11, 2015  (IP) e, 2015-047890

(51) Int. CL
FO2M 61/16
FO2M 61/18

(2006.01)
(2006.01)

(Continued)

(52) U.S. CL
CPC ... FO2M 61/1806 (2013.01); FO2M 51/06

(2013.01); FO2M 51/061 (2013.01);
(Continued)

(38) Field of Classification Search
CPC .......... FO2M 61/162; FO2M 61/1806; FO2M
61/1833; FO2ZM 61/186; FO2ZM 61/1846;
FO2M 61/1873

(Continued)

(56) References Cited
U.S. PATENT DOCUMENTS

4,945,877 A * 81990 Ziegler ............... FO2M 51/061

123/472
1/2001 Fuchs et al.

(Continued)

6,170,763 Bl

FOREIGN PATENT DOCUMENTS

DE 10 2012 213 086 Al 1/2013
EP 2 690 277 Al 1/2014
(Continued)

Primary Examiner — Alex M Valvis
(74) Attorney, Agent, or Firm — Foley & Lardner LLP

(57) ABSTRACT

Disclosed 1s a fuel mjection valve comprising: a fuel injec-
tion orifice provided 1n a downstream side of a valve seat
which a valve body moves toward and away from; a swirl
chamber having a swirl passage formed around the entry
opening of the fuel injection orifice; and a transverse pas-
sage whose end 1s opened 1n an inner circumierential wall of
the swirl chamber 1n order to provide a fuel into the swirl
chamber, wherein a center of the entry opening is shitted
from a first position where the velocity component in the
swirl direction of the fuel can be maximized to a second
position where the velocity component 1n the swirl direction
1s reduced, and where a velocity component 1n a center axis
direction of the fuel injection orifice 1s enhanced. Thereby,
it 1s possible to easily adjust a fuel 1injection amount and a
spray angle.

6 Claims, 11 Drawing Sheets

21nu

N _,,._.----rf-ll-
r L T I E




US 10,662,914 B2

Page 2
(51) Imt. CL 9,157,403 B2* 10/2015
FOOM 51/06 (2006.01) 2003/0141385 Al*  7/2003
FO2M 63/00 (2006.01)
2004/0217204 Al1* 11/2004
(52) U.S. CL
CPC ......... FO2M 61/162 (2013.01);, FO2M 61/18 7012/0193566 A 1 /7012
(2013.01); FO2M 61/1853 (2013.01); Fo2M 2014/0251262 Al* 9/2014
63/0031 (2013.01)
(58) Field of Classification Search 2014/0251264 AL* 972014
USPC .., 239/463, 468, 494, 497, 533.12
See application file for complete search history.
(56) References Cited P H07-035001 A
U.S. PATENT DOCUMENTS o 003 et A
_ JP 2004-340121 A
6,405,945 B1* 6/2002 Dobrin ................. FO2M 51/061 TP 2006-029131 A
239/463 JP 2012-158995 A
6,854,670 B2* 2/2005 Sumisha ............ FO2M 51/0678 TP 2014-031758 A
239/468

8,882,003 B2 11/2014 Okamoto et al.

SAtO oo, FO2M 61/162

XU o, FO2M 61/162
239/463

Sugimoto ............ FO2M 61/162
239/494

Yasukawa et al.

Okamoto ............. FO2M 61/162
123/306

Okamoto ........... FO2M 63/0078
123/306

FOREIGN PATENT DOCUMENTS

* cited by examiner

2/1995
7/2000
11/2003
12/2004
2/2006
8/2012
2/2014



US 10,662,914 B2

Sheet 1 of 11

FIG. 1

May 26, 2020

U.S. Patent

= OB e =
— /A 129 lap //‘ﬁﬂ\rﬁﬂﬂh 3%_1 wm hadd ﬂ..m _ -
N\ ,.I/\\\&?ﬂﬁf /_,r ///wr ey (0

A
2% '.i..lu.,lt\_l‘“ f _ |
W\\&WR\.\‘ e SO “m AT 77 T

ol

&
O R A NS A SN ....,.....i..ir.l..l.,.l.’iﬂ.’l”f”#"”””!’!.l.i,lr.l..i.’lrfdrl,’..r’..lh rf’#ﬁfff‘ff.’f’ fififffffﬂﬂiﬁ%ﬁﬂﬁﬁmﬂﬁﬁ iy e ey S .f’arirlrluw.i!- 119

s 2T 7 SN NNSNNNWAGI T ezt~ .
" : ' 79 pt v
RO L A .......,,i;.:t.....;.........,,.....:;z.z.s-;‘a.;_e.;-;,ﬁ—‘ W STy W=
o~ “ ) :......_ — | His ...__ 7P L_.V ‘H\m . 0

4P A
,...t N

:
SHe-

2ha

i 33
(v e

\ k -
aﬂw.dﬂ.\h.}l_ff‘jqr.l..l.l..l’l’i-..lirf’i”’l’iﬂ”iﬁrj’ffffffﬁﬂ%%ﬁgh T h\lﬁ ﬁ Em ﬁ‘_..l...‘.‘ m‘iﬂ%‘“ﬁgs,ﬂ ‘ /)
A _ 774 LLLELLd N Il A2

e _ _ N g‘fi?ﬁ. O e \\ \\\.
R /Aﬁ w/ @@ﬂﬂm@?z N0 \z
' { HREREAN
5 /
N St

O

41



US 10,662,914 B2

\§

O

" S %N ._.m.... ~
\n m...m IZ /\“““ o~ %,..._4
3 _m- .
n 7 M-
mm o © mem—-=- mm GM;
” O N . o —mn- ............. w_ ;;;;;;
2 N
S - 3 m.- N
S ~ R . . m ~
: / .-_._ ——d
m /////// \‘\\. l W ,_.m
t\

AIITINTOA ///////

.

21nb

U.S. Patent
15
h
R



U.S. Patent May 26, 2020 Sheet 3 of 11 US 10,662,914 B2

FI1G. 3

212-4 | 2204
'“'"§??':Eﬁhwgf210*4 21nu
2114 | vV
210-3 Z 300 E&
- = o~
2203 , - ™ . 2317-1 - i N 21
,’ ; \1 % \ vy
] ) vty e mem
i = e ¢ i 3 - 4 “““’“’:"::::-'}:'wam?‘:‘m i T e T s e s l s+ o i
R B q:i"’ = \ 1 /
#‘T_ [ ‘k 1; A —
I 211-3 S~ lil.- 2111 200
212 2ino
- 2101
‘ 211-2
i T Y P

220-2— |1 212-2




US 10,662,914 B2

Sheet 4 of 11

May 26, 2020

U.S. Patent

F1G. 4

210

v

220ic
212¢

wwih L wmm b e W el e iy b oham o el e o WA O e e BB B e o

212b

220ia

211

212ce

T

|

pr ey 5 e o M & o

211
212d

$m
v
220

i dmimim b WWeE W R

2111

02

211b

212¢c0o

212

220

220cl

|

i "y

*

ur&h%
-t

PO T
rl: -
..

a
L
*

':.’
-.‘Il
h{

Ll -

A M

==y
Wit E ag 9.-\_“_

D il
lll"'r-ull"""“-q-"'"- [ ' - Pk

-
w

Ak

A oA

iy o

gt Pt e Ml

1 [T

1

ey 'F'.* Lkt H-_.Hh'h

bl g

e

a £y
FrEY. N L e A TR
e L o

i
L 5
-
-
E ]
-
r
3

e &
| = ]
-

ki =
n
At s

Wy TP
[ L
s el S

T odgrk gt

o kgt E
ariual Mgt Tt Tt N
W e Tt g e 1 AT

T,

et
1 K3 d
. F ar e i kT :._-...w.rlnﬁ.._ A i
F.-Fuir_.... - _—._..._.__mu"__._m,.ﬂ_.-..__l....-. ..-u*nhm..u_h._"dthw...npl.,._l..._' AL S T M L LT
L1 e r . - e -
bra T . * tigg ™ ....1...!...-_‘.-._...i........fq..qn-_..._....I__-.-_J

iy b Pu ] Bl T
5 o ded at, L
ym.uwlmnu{u.n: Gy el AT

e LR S

...__q_._-........".]....i...

L]

~al % l.....r.._n iy LI T4 T o
L' LI ) g LY Tl |
- _......_......_.u.aﬂfub.-u.rf._.1.-..__|.___nu__..:_....i.:..__..q..f. PR R

L | ﬁa#?!iti}iyfﬂﬁhﬁl{. L L T | LI ] im
Hfﬁ.ﬂ.u%..ullw-iﬂmuurlﬁ._&.ui -y . A LR oy W g
FoES L BT - [ * - kg b by TR AR P N
L o LR PR YR TEUF g tal, e T LT

- . A
* g ....,._._F.n.m.ﬁ._:.ﬂ..__l...-.ﬁtl -

ek - -
ﬁ at v, - wr ", am
i L.ﬂ.ﬂ....._-.r.___“-._..n.l 1 iy blﬂ-uh..ﬂu-“"u_aw.i.wl{ .-...Iuﬂ-...__.lw .....:..-ﬂ.i..q ey .._...H._--.._._,..””...._._.Im.ﬂ.
- aF pan¥, ot -......}f..:li i ..-.'..J. ._.I”._:_:_r_-. .:..ﬂ:-_-.-__. .-.-n ._Ih- ey ..r.-.... Mg ™
e ¥ u..._.u....-m.__t“lﬂ__ , . I o ranlozy il prs
Tt o ye mpn s MR TR el e v,
O i b L ...rHI.. ._..!n”#im_w._ T, u..._..__. e, .__.u._ ek +-_1..n_..?u._.
. . lh.__r__wﬂu.__n.u el i P L L T Pl P .
:._n_. . H?.r...u... .w.w:h..u...-nw o ..i;.._r!u-_._- _.#_m...-.h_rﬂ__ufn__ ”..Ih,.u_.._.....____'_... - T
- A AT m . H.l..-..l_l........h._..__l_...:-n.._ L) u..._.....-. _..[h.1 RN ey m...._.:.:..... e+
4 .q_- m.u ..mm £ " lwﬂftﬂa.#n.ud}t-.ﬂﬂir: R b P St
5 T Wt . dp, A W w ¥,
Fr 4 F et e 200 s v e
.,.n.ﬂ.._rﬁ., H L] hﬁﬂﬁ-—pﬁh:ruﬂfrrfffhﬂa by T T Yt Tl .t__h..p*
[ x .
L +* - r .,._-h.-" - 0 e et AT e afrhd L pigy W -
= R LT t 7 T ru_.n.m.f 2r e i o S
- -t P i ' Ty '
bl FTe .1..“...._.- _:",ww.ﬂ_ﬁ.. ¥ - ﬂ....-&- - e P T
GO Y o T N
F - - - Y “
- a ] a ™y . (] - "a "
- 24 o ..__..-..”..,.a..._.,u.._.l.._.__.i - #ww. n . Y - " 1 .
H r L ...s—__.-“,. o R T b *.
E Fa - Yol S i 4 ._..._.p. e - £ 4 ¥
: u..-..u_...._.._ .”.-.H .-.j.._..“ru..._ et .“ . _._.-... ._r.._.ﬁ.-— - " .r..nl...T...-._ P H *
eyt Sim b + BT, =l
M bt ¥ bﬁﬁ..a.r.._.ﬂ_..._-........".“,_,.m:h -*il!&”“l“—.f;wﬁﬂ._.
rFrtor A - L] * ......_w:_l
b F. ......-.:._._“_._. il ..__.-........._“ -..“.A__-ﬁ _.__ ' .:l.l.-u..__....-m‘.

- - N . -
wy oy, F LT w ke T, TR
.n._....u i .!_n.m...n-u.vil_:...n b S L TR gl _n.._-.b..u..__._.liq: '
4 i.ql._...._._l. LT " .-.r..' h..'-_.ri._.?-\..:l_-.ﬂ u-u"..m..rlJ .-F.;."..H.:-..Ii.- iy .rI.-r.lr;.
T ._.i,..n_ L Pl ._._-..ﬂ..___l__ LI 5 T
-._T..;. L e ..-r..”h.-.r__. “-.l- l.:.._t.-;.-_- —._..rr .._...l..-rE.._- ) - . T, ﬂ.-.. ....AU._.
- - " CP ey S | B, e T P
- A " - . - -
. -t g e S
x m_w; s Pt Iy N .I..h.nﬂ.pu:.l..l._..l.- P
f - L A L ] Lo T,
bt e T T
.‘ -“-. m i.f.'{-.hrﬂ“f ._.-n.i.-.. itﬂ.rfilr_.”h..._" +.:.u_-. -.-r...-. L
i ..1.... . Fr by o - £
L S ..,..!m........ﬁ.......ah_,ﬂ__.nh ot rat Y 4...“..“._..“_.;.
" el T * L
* .“ .ﬁ. .w-. r 2 Ill__l..qu..n . ﬂ:.mvﬂrt.,r,m_.h. . !..,__,.4_... Wul._.._..r..r......_.
T s + kg ._r.....ll__. 1 r .:.....“....1
h i I % S R LU L o iy £
bure e L
- . a7 [ 4
b/ A R b, b
: : PRl . L SIRE R s o S A

Hewwm " ._.-..i ._‘13. ¥ A = i " ..ii. n W
AT LT .,ﬂ.-."mu“ﬂ._...ai.r.w.l..u_.i...ﬁ.q e rhe Yy S A7
L B A "% L] il S Cuk
A& -

201

902



US 10,662,914 B2

Sheet 5 of 11

May 26, 2020

U.S. Patent

. 6

FI1G

212
22

-

.-_Il...-' .-“n.. l.ﬁ“ﬂ“am.v-?

A dddr

ﬁ.ﬂlﬁb:? war v b

ik 2wk LS etk

[ ]
o e B et & A

.;.‘;@mﬁ

L ..1..J. .ll._r
el o
N P e
hal 20 PRt

-
L ek P L
[F AL AL - PO TR -+ )
7 et e e B reerd P B L
rl il

— LR

NN

1
20

ik a._..a.._...vd.v_u.-.
m?%.ﬁ%ﬂmwrwnmw
BRI L bk

i 4 n.._._:....w_“n» ...-Wu..? H .....n:u...
] - - gy |m......... r_..._....._“u1r.....
k ] - E ! LS L ....._.u. . mr
W SRR
.....r.n.r nan RS

:
L R AL Ffirh
no .n...ua_.:a..'.....u.._..r.?..._....
- EE LB UL RN

y4ag-app R

A E
_".....u__....__.._.u.-.._".__.!n_"
R A P
u_nn.a..-..n._.-‘l. u ¥ilip
~t -ad ot T
.o..u..._._:-

o

1

LT
.......u.....!n.-..u;._....n qr&.- ._...m:ﬁ' Br
e ka4
) @%ﬁ.ﬂw%“w 30
:.ﬁwvm e

|‘..T..._.% WW.LW“L.”_.W&H%: -.r. .si-.“J
. %iﬂ.fﬂ.ﬂ.ﬂ?ﬂ;ﬂ”ﬂﬁ:ﬂiu.m- y
Tdrgpry ; a)
+
R L )
ra o —rpa
T R
e Ry [l L g
B Y ELE TR
el £ u_.u..-.....-.__l-_lh..r o - .
BT A o et Y
e R A E RN N
+ 5 mb
Ryl
/// - il = i




U.S. Patent May 26, 2020 Sheet 6 of 11 US 10,662,914 B2

FI1G. 8

Change rate of flow volume [%]
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Injection orifice position

with respect to center of swirl chamber [%]

FIG. 9

Change rate of spray angle [%]

-3 -2 -1 0 1 2 3 4 5 4§
Injection orifice position

with respect to center of swirl chamber [%]
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1
FUEL INJECTION VALVE

TECHNICAL FIELD

The present invention relates to a fuel injection valve that
generates swirl fuel at an upstream side of a fuel 1njection

orifice and imjects the swirl fuel from the fuel 1njection
orifice.

BACKGROUND ART

As a background art of the technical field relating to the
present invention, a fuel injection valve disclosed 1n Japa-
nese Patent Provisional Publication No. 2003-336562 (Pat-
ent Document 1) 1s known. This fuel injection valve has a
valve seat member; a transverse passage that communicates
with a downstream end of the wvalve seat; and a swirl
chamber i which a downstream end of the transverse
passage opens 1n a tangential direction. Furthermore, the
transverse passage and the swirl chamber are provided
between the valve seat member and an injector plate coupled
to a front end surface of the valve seat member. The 1njector
plate has each of fuel mjection orifices which jets fuel
having gotten a swirl 1n the swirl chamber. In the fuel
injection valve, the fuel injection onfice 1s oflset by a
predetermined distance from a center of the swirl chamber
toward an upstream end side of the transverse passage (see
abstract). With this structure, atomization of the injected tuel
1s promoted, and a fuel injection response 1s improved.

However, in the fuel injection valve for jetting a fuel
wherein the transverse passage, the swirl chamber, and the
tuel injection orifice are formed on the 1njector plate, gen-
crally a spray angle 1s set by adjusting a diameter and length
of the tuel injection orifice and a size (diameter) of the swirl
chamber. If any one of the diameter and length of the tuel
injection orifice or the size (diameter) of the swirl chamber
1s changed 1n order to adjust the spry angle, an amount of
tuel jetted from the fuel injection orifice (fuel 1njection
amount) 1s changed. Therelore, a long times have been spent
on determining the diameter and length of the fuel injection
orifice and the size (diameter) of the swirl chamber so that
both of the fuel injection amount and the spray angle are
kept within the predetermined range.

PRIOR ART DOCUMENT

Patent Document

Patent Document 1: Japanese Patent Provisional Publica-
tion No. 2003-336562

SUMMARY OF THE INVENTION

It 1s an object of the present invention to provide a fuel
injection valve 1in which a fuel injection amount and a spray
angle can be adjusted easily.

In order to achieve the above object, according to one
aspect of the present invention, a fuel 1injection valve com-
Prises:

a valve body;

a Tuel 1injection orifice provided 1 a downstream side of a
valve seat which the valve body moves toward and away
from:

a swirl chamber having a bottom surface on which an entry
opening of the fuel 1njection orifice opens and an inner
circumferential wall surrounding the bottom surface, the
swirl chamber having:
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2

a swirl passage for a fuel, the swirl passage formed
between the mner circumierential wall and the entry
opening; and

a transverse passage whose downstream end 1s opened 1n the
inner circumierential wall of the swirl chamber 1n order to
provide the fuel into the swirl chamber, the transverse
passage having:
one width direction end part connected to an upstream

side of the mnner circumierential wall 1n a flow direction
of a swirl fuel; and

the other width direction end part connected to a down-
stream side of the inner circumierential wall 1n the tlow
direction of the swirl fuel, and

when 1maging an extension line formed by extending the
other width direction end part of the transverse passage to a
swirl chamber side, and a straight line segment passing a
center of the swirl chamber and being perpendicular to the
extension line,
a center of the entry opening of the fuel injection orifice
being positioned to be shifted from the center of the swirl
chamber along the extension line, and 1n two areas formed
by dividing the swirl chamber 1nto two with the straight line
segment, the center of the entry opening of the fuel injection
orifice being arranged 1n an area opposite to an area to which
the transverse passage 1s connected.

According to another aspect of the invention, a fuel

injection valve comprises:

a valve body;

a Tuel 1injection ornfice provided 1n a downstream side of a
valve seat which the valve body moves toward and away
from;

a swirl chamber having an entry opening of the fuel 1njection
orifice and a swirl passage for a fuel, the swirl passage
formed around the entry opening;

a transverse passage to provide the fuel into the swirl
chamber; and

a nozzle plate on which the fuel injection orifice, the swirl
chamber, and the transverse passage are formed,

wherein:
in flow passage width which 1s formed 1n both side of the
entry opening on a line segment passing a center of the entry
opening of the fuel injection orifice and a center of the
nozzle plate, the flow passage width 1n the upstream side in
the flow direction of the swirl fuel 1s smaller than the flow
passage width 1n the downstream side in the flow direction
of the swirl fuel.

Furthermore, according to another aspect of the invention,

a fuel 1njection valve comprises:

a valve body;

a Tuel 1injection ornfice provided in a downstream side of a
valve seat which the valve body moves toward and away
from;

a swirl chamber having an entry opening of the fuel 1njection
orifice and a swirl passage for a fuel, the swirl passage
formed around the entry opening; and

a transverse passage to provide the fuel into the swirl
chamber,

wherein:

a center of the entry opening of the fuel injection orifice 1s

arranged to be shifted from a first position to a second

position,

the first position being a position where a velocity com-

ponent 1n a swirl direction of a fuel flowing into the fuel
injection orifice 1s max,
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the second position being a position where the velocity
component in the swirl direction gets small and where a
velocity component 1 a center axis direction of the fuel
injection orifice gets large.

According to the present invention, 1t 1s possible to largely
change the spray angle while reducing a change rate of the
tuel mjection amount. Therefore, it 1s possible to provide a
tuel injection valve being capable of providing a desired tuel
injection amount and spray angle by easily adjusting the fuel
injection amount and the spray angle. Thereby, design or
design change of the fuel injection valve 1s simplified.

BRIEF EXPLANATION OF THE DRAWINGS

FIG. 1 1s a longitudinal section drawing showing a cross
section taken along a valve axis (a center axis line) of the
fuel 1njection valve, according to the present invention.

FI1G. 2 15 a longitudinal section drawing enlargedly show-
ing a vicinity (a nozzle part) of a valve part and a fuel
injection part of the fuel injection valve shown in FIG. 1
(corresponding to a cross section taken along a line II-1I 1n
FIG. 3).

FIG. 3 1s a plan view of the nozzle plate viewed from a
line III-III 1n FIG. 1.

FI1G. 4 15 a plan view enlargedly showing a swirl chamber
and a fuel 1injection orifice (an enlarged plan view of IV area
in FIG. 3).

FIG. 5 1s a drawing showing an analytical result of a fuel
flow at a cross section taken along a line V-V 1n FIG. 4.

FIG. 6 1s a longitudinal section drawing (a cross section
taken along a V-V line 1n FIG. 4) showing a tuel liquid film
distribution 1n an inside of the fuel 1njection orifice and a
vicinity thereof, when arranging an entry opening of the fuel
injection orifice i a center of the swirl chamber.

FIG. 7 1s a longitudinal section drawing (a cross section
taken along a V-V line 1n FIG. 4) showing a tuel liquid film
distribution 1n an inside of the fuel 1njection orifice and a
vicinity thereof, when arranging an entry opeming to be
shifted to area A3 side from the center of the swirl chamber.

FIG. 8 1s a drawing showing an analytical result of a
change rate of flow volume 1n the embodiment of the present
invention, when a position of the entry opening of the fuel
injection orifice 1s changed.

FIG. 9 1s a drawing showing an analytical result of a
change rate of spray angle 1n the embodiment of the present
invention, when a position of the entry opening of the fuel
injection orifice 1s changed.

FIG. 10 1s a plan view showing a configuration of a
transverse passage, a swirl chamber, and a fuel 1mjection
orifice 1n a comparative example.

FI1G. 11 1s a drawing showing an analytical result of a fuel
flow at a cross section taken along a line VII-VII in FIG. 10.

FIG. 12 1s a plan view enlargedly showing a swirl
chamber and a fuel mjection orifice 1n an example where a
shape of the swirl chamber 1s modified (the enlarged plan
view of IV area i FIG. 3).

FIG. 13 1s a plan view showing an example where a
position of the fuel imjection valve with respect to the swirl

chamber 1s changed 1n the modified example of FIG. 12.
FIG. 14 1s a plan view enlargedly showing the swirl
chamber and the fuel 1njection onfice 1n the example where
the shape of the swirl chamber i1s further modified (the
enlarged plan view of IV area in FIG. 3).
FIG. 15 1s a cross section of an internal combustion
engine 1n which the fuel injection valve 1s mounted.

DESCRIPTION OF TH.

EMBODIMENTS

(L.
1]

An embodiment of the present invention will be explained
below with reference to FIGS. 1 to 8.
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A whole configuration of a fuel mjection valve 1 will be
explained using FIG. 1. FIG. 1 1s a longitudinal section
drawing showing a cross section taken along a center axis
line 1a of the fuel injection valve 1, according to the present
embodiment. The center axis line 1a coincides with an axis

(valve axis) of a movable element 27 to which an after-

mentioned valve body 17 1s integrally fixed. The center axis
line 1a also coincides with a center axis line of an after-
mentioned cylindrical body 3, and further coincides with
cach center line of an after-mentioned valve seat 156 and a
nozzle plate 21xn.

The fuel mjection valve 1 1s provided with the metal-
made cylindrical body 5 extending from an upper end
portion to a lower end portion of the fuel mjection valve 1.
A fuel flow passage 3 1s formed 1nside the cylindrical body
5 so as to extend substantially along the center axis line 1a.
In FIG. 1, the upper end portion (an upper end side) 1s called
a base end portion (a base end side), and the lower end
portion (a lower end side) 1s called a top end portion (a top
end side). These terms “base end portion (base end side)”
and “top end portion (top end side)” are based on a tlow
direction of fuel or a fixing structure to a fuel pipe (not
shown). That 1s, the base end portion 1s an upstream side 1n
the fuel tlow direction, and the top end portion 1s a down-
stream side 1n the fuel flow direction. Furthermore, 1n the
present description, for convenience of explanation, upper
and lower positions of each element or component are
defined based on FIG. 1, and these upper and lower positions
have nothing to do with up and down directions 1n a
mounting state of the fuel injection valve 1 1n an internal
combustion engine.

The cylindrical body 5 1s provided, at a base end portion
thereol, with a fuel supply port 2. A fuel filter 13 1s fixed to
the fuel supply port 2. The tuel filter 13 1s a member to filter
out foreign particles included 1n the fuel.

The cylindrical body 3 1s further provided, at the base end
portion thereof, with an O-ring 11. The O-ring 11 functions
as a sealing member when the fuel imjection valve 1 1s
connected to the fuel pipe.

At a top end portion of the cylindrical body 5, a valve part
7 formed by the valve body 17 and a valve seat member 15
1s formed. The valve seat member 15 has a step-shaped valve
body accommodating hole 15a to accommodate the valve
body 17. A conical surface 1s formed at a certain position
inside the valve body accommodating hole 15a, and the
valve seat (seal part) 156 1s formed on this cone-shaped
surface. A guide surface 15¢ to guide movement of the valve
body 17 1n a direction along the center axis line 1a 1s formed
at an upstream side (a base end side) with respect to the
valve seat 15b 1n the valve body accommodating hole 15a.
In conjunction with the valve seat 155 and the valve body
17, a fuel passage 1s opened and closed. More specifically,
when the valve body 17 1s seated on the valve seat 155, the
tuel passage 1s closed, and when the valve body 17 separates
from the valve seat 155, the fuel passage 1s opened.

The valve seat member 15 1s inserted to a top end inner
side of the cylindrical body 5, and 1s fixed to the cylindrical
body 5 by laser welding. The laser welding 19 1s performed
throughout an entire circumierence of the cylindrical body 5
from an outer circumierential side of the cylindrical body 5.
The valve body accommodating hole 15a penetrates the
valve seat member 1n the direction along the center axis line
la. A nozzle plate 21# 1s fixed to a lower end surface (a top
end surface) of the valve seat member 15. The nozzle plate
21% closes an opening of the valve seat member 15 which 1s
formed by the valve body accommodating hole 15a.
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In the present embodiment, a fuel mjection part 21 that
jets swirl fuel 1s formed by the valve seat member 15 and the
nozzle plate 21». The nozzle plate 21# 1s fixed to the valve
seat member 15 by laser welding. The laser welding portion
23 1s performed throughout a circumierence of an 1njection
orifice providing area where fuel injection orifices 220-1,
220-2, 220-3 and 220-4 (see FIG. 3) are formed, so as to
surround the injection orifice providing area. The valve seat
member 15 can be fixed to the cylindrical body 5 by laser
welding after being inserted and press-fitted to the top end
inner side of the cylindrical body 5.

In the present embodiment, as the valve body 17, a ball
valve having a spherical shape 1s used. Therefore, a plurality
of cutting surfaces 17a are formed at some intervals 1n a
circumierential direction of the valve body 17 at a portion
facing the guide surface 15¢ of the valve seat member 15.
These cutting surfaces 17a give clearances between an iner
circumierential surface of the valve seat member 15 and the
valve body 17, and the fuel passage i1s formed by these
clearances. Here, the valve body 17 can be formed by an
element other than the ball valve. For instance, a needle
valve can be used.

In the present embodiment, the valve part 7 including the
valve seat member 15 and the valve body 17, and the nozzle
plate 21z form a nozzle part to jet the fuel. The nozzle plate
21n» where after-mentioned fuel injection orifice 220 and
swirl passage 210 (a transverse passage 211 and a swirl
chamber 212) are formed 1s fixed to a top end surface of a
nozzle part body (valve seat member 15) having the valve
part 7.

A driving part 9 to drive the valve body 17 1s disposed at
a middle part of the cylindrical body 5. The driving part 9 1s
formed by an electromagnetic actuator. More specifically,
the driving part 9 1s formed by a fixed core 25, the movable
clement (a movable member) 27, an electromagnetic coil 29,
and a yoke 33.

The fixed core 25 1s made of magnetic metal material, and
1s press-fixed to an 1inside at the longitudinal direction
middle part of the cylindrical body 5. The fixed core 25 1s
cylindrical 1n shape, and has a penetration hole 25a that
penetrates the middle of the fixed core 25 1n the direction
along the center axis line 1a. The fixed core 25 can be fixed
to the cylindrical body S by welding, or can be fixed to the
cylindrical body 5 by press-fitting and the welding.

The movable element 27 1s disposed at a top end side with
respect to the fixed core 25 in the cylindrical body 5. A
movable core 27a 1s provided at a base end side of the
movable element 27. The movable core 27a faces the fixed
core 25 through a slight gap 6. The movable element 27 1s
provided, at a top end side thereof, with a small diameter
part 27b, and the valve body 17 1s fixed to a top end of this
small diameter part 2756 by welding. In the present embodi-
ment, the movable core 27a and the small diameter part 275
are mtegrally formed (as an integral member made of the
same material). However, these two elements can be sepa-
rately provided and fixed together. The movable element 27
has the valve body 17, and moves the valve body 17 in a
valve open/closure direction. The valve body 17 touches (1s
seated on) the valve seat member 15, and also an outer
circumierential surface of the movable core 27a touches an
iner circumierential surface of the cylindrical body 5,
thereby supporting and guiding movement 1n the direction
along the center axis line 1a (1n the valve open/closure
direction) of the movable element 27 at these two points 1n
the valve axis direction.

The movable core 27a 1s provided, at an end surface
thereol which faces the fixed core 25, with a depressed
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portion 27¢. A spring seat 27¢ of a spring (a coil spring) 39
1s formed on a bottom surface of the depressed portion 27¢.
At an mner circumierential side of the spring seat 27¢, a
penetration hole 27f 1s formed so as to penetrate the small
diameter part (the connecting part) 275 up to a top end side
end portion of the small diameter part (the connecting part)
27b along the center axis line 1a. Furthermore, the small
diameter part 275 1s provided, at a side surface thereotf, with
an opening portion 27d4. The penetration hole 27f opens to a
bottom surface of the depressed portion 27¢, and also the
opening portion 27d opens to an outer circumierential
surface of the small diameter part 275, thereby forming the
tuel flow passage 3 that communicates with the fuel passage
3 formed at the fixed core 25 and the valve part 7.

The electromagnetic coil 29 1s inserted or fitted onto an
outer circumierence of the cylindrical body 5 1n a position
in which the fixed core 25 and the movable core 27a face
cach other through the slight gap 0. The electromagnetic coil
29 1s wound around a tubular bobbin 31 that 1s made of resin
material, and then 1s inserted or fitted onto the outer cir-
cumierence of the cylindrical body 5. The electromagnetic
coil 29 1s electrically connected, through a wiring member
435, to a connector pin 43 that 1s provided at a connector 41.
A driving circuit (not shown) 1s connected to the connector
41, and a driving current flows to the electromagnetic coil 29
through the connector pin 43 and the wiring member 45.

The yoke 33 1s made of magnetic metal material. The
yoke 33 1s disposed at an outer circumierential side of the
clectromagnetic coil 29 so as to encircle the electromagnetic
coil 29, and serves as a housing of the fuel injection valve
1. Furthermore, a lower end portion of the yoke 33 faces the
outer circumierential surface of the movable core 27a
through the cylindrical body 5, then 1n cooperation with the
movable core 27a and the fixed core 25, the yoke 33 forms
a closed magnetic path where magnetic flux generated by
current supply to the electromagnetic coil 29 tlows.

The coil spring 39 1s set 1n a compressed state from the
penetration hole 25a of the fixed core 25 to the depressed
portion 27¢ of the movable element 27. The coil spring 39
functions as a forcing member that forces the movable
clement 27 1n a direction (in a valve closure direction) 1n
which the valve body 17 touches (1s seated on) the valve seat
1556. An adjuster (an adjusting element) 33 1s disposed inside
the penetration hole 254 of the fixed core 25. A base end side
end portion of the coil spring 39 touches a top end side end
surface of the adjuster 35. By adjusting a position of the
adjuster 35 in the direction along the center axis line 1a 1n
the penetration hole 25a, an urging force of the movable
clement 27 (1.e. the valve body 17) by the coil spring 39 is
adjusted.

The adjuster 35 has the fuel tflow passage 3 that penetrates
the middle of the adjuster 35 1n the direction along the center
axis line 1a. After the fuel flows 1n the fuel tlow passage 3
of the adjuster 35, the fuel flows to the fuel tlow passage 3
ol a top end side portion of the penetration hole 2354 of the
fixed core 25, and then flows in the fuel flow passage 3
formed 1n the movable element 27.

The cylindrical body 3 1s provided, at the top end portion
thereof, with an O-ring 46. The O-ring 46 functions as a seal
that air-tightly and liquid-tightly seals a gap between an
iner circumierential surface of an insertion port 109a (see
FIG. 15) formed at the internal combustion engine side and
an outer circumierential surface of the yoke 33 when the fuel
injection valve 1 1s mounted 1n the internal combustion
engine.

The fuel injection valve 1 1s molded and covered by a
resin cover 47 from the middle up to an almost base end side
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end portion of the fuel injection valve 1. A top end side end
portion of the resin cover 47 covers a part of a base end side
of the yoke 33. Furthermore, the resin cover 47 also covers
the wiring member 45. The connector 41 1s integrally
formed with the resin cover 47.

Next, working of the fuel mjection valve 1 will be
explained.

When the electromagnetic coil 29 1s not energized (1.e.
when the driving current does not flow 1n the electromag-
netic coil 29), the movable element 27 1s forced 1n the valve
closure direction by the coil spring 39, and the valve body
17 touches (1s seated on) the valve seat 15b. In this case, the
gap 0 1s present between a top end side end surface of the
fixed core 25 and the base end side end surface of the
movable core 27a. Here, in the present embodiment, this gap
0 corresponds to a stroke of the movable element 27 (1.e. a
stroke of the valve body 17).

When the electromagnetic coil 29 1s energized and the
driving current flows in the electromagnetic coil 29, the
magnetic flux 1s generated in the closed magnetic path
formed by the movable core 27a, the fixed core 25, and the
yoke 33. A magnetic attraction force 1s then generated
between the fixed core 25 and the movable core 27a, which
tace each other through the gap o, by the magnetic flux.
When this magnetic attraction force exceeds a resultant
force of the urging force by the coil spring 39 and a tuel
pressure that exerts on the movable element 27 1n the valve
closure direction, the movable element 27 starts moving 1n
the valve open direction. Then when the valve body 17
separates from the valve seat 155, a clearance (a fuel flow
passage) 1s formed between the valve body 17 and the valve
seat 155, and 1njection of the fuel 15 started. In the present
embodiment, when the movable element 27 moves by a
distance o that is equal to the gap o in the valve open
direction and the movable core 27a touches the fixed core
235, the movement 1n the valve open direction of the movable
core 27a 1s stopped, and the movable core 27a 1s brought 1n
a static valve open state.

When the driving current to the electromagnetic coil 29 1s
stopped, the magnetic attraction force diminishes, and then
finally disappears. While the magnetic attraction force 1is
diminishing, when the magnetic attraction force becomes
smaller than the urging force of the coil spring 39, the
movable element 27 starts moving in the valve closure
direction. Then when the valve body 17 touches and 1is
seated on the valve seat 155, the valve body 17 of the valve
part 7 1s brought 1n a static valve closure state.

Next, each configuration of the valve part 7 and the fuel
injection part 21 will be explained with reference to FIGS.
2 and 3. FIG. 2 1s a longitudinal section drawing enlargedly
showing a vicinity (a nozzle part) of a valve part 7 and a fuel
injection part 21 of the fuel 1injection valve 1 shown 1n FIG.
1 (corresponding to a cross section taken along a line II-1I 1n
FIG. 3). FIG. 3 1s a plan view of the nozzle plate 21» viewed
from a line III-III 1n FIG. 1.

The top view of FIG. 3 1s a top view of the nozzle plate
217 viewed from an entry side of the fuel injection orifice,
and 1s a top view of an upper end surface 21nu side of the
nozzle plate 21». The upper end surface 21nu 1s a surface
that faces a top end surface 15¢ of the valve seat member 15.
An end surface of the nozzle plate 217, which 1s an opposite
side to the upper end surface 21nu, 1s a lower end surface
21nb.

In the present embodiment, as shown in FIG. 2, the nozzle
plate 21» 1s formed by a plate member whose both end
surfaces are flat, and the upper end surface 21ru and the
lower end surface 21»b are parallel to each other. That 1s, the
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nozzle plate 21 1s formed by a flat plate having a uniform
thickness. Here, 1n the present embodiment, as shown in
FIG. 3, the fuel ijection valve 1 1s configured so that the
center axis line 1la crosses the nozzle plate 21» at a center
21no0.

The top end surface (a lower end surface) 15¢ of the valve
seat member 15 1s formed by a flat surface that 1s perpen-
dicular to the center axis line 1la. The nozzle plate 21#» 1s
fixed to the top end surface 15¢ of the valve seat member 15,
and the top end surface 15¢ contacts or 1s contiguous to the
upper end surface 21nu of the nozzle plate 21x.

As shown 1n FIG. 3, on the nozzle plate 21», transverse
passages 211-1, 211-2, 211-3 and 211-4, swirl chambers
212-1, 212-2, 212-3 and 212-4, and fuel injection orifices
220-1, 220-2, 220-3 and 220-4 are formed. The transverse
passages 211-1, 211-2, 211-3 and 211-4 and the swirl
chambers 212-1, 212-2, 212-3 and 212-4 form swirl pas-
sages 210-1, 210-2, 210-3 and 210-4 to provide a swirl force
to the fuel 1n the upstream side of the fuel infection orifice
220. Four sets of swirl passages 210-1, 210-2, 210-3 and
210-4 and the fuel injection orifices 220-1, 220-2, 220-3 and
220-4 are formed 1n the same way as each other. Thus, 1n the
tollowing description, these are not distinguished, and these
will be explained as the transverse passage 211, the swirl
chamber 212 and the fuel injection orifice 220. However, 1n
a case where structure or configuration of each set 1is
changed, 1t will be explained as necessary.

As shown 1n FIG. 2, the conical valve seat 156 whose
diameter 1s reduced toward the downstream side 1s formed
at the valve seat member 15. A downstream end of the valve
seat 155 1s connected to a fuel introduction hole 300. A
downstream end of the fuel introduction hole 300 opens to
the top end surface 15¢ of the valve seat member 15. The fuel
introduction hole 300 forms the fuel passage that introduces
the fuel into the swirl passage 210.

In order for the swirl passage 210 to receive supply of the
tuel from the fuel introduction hole 300, an upstream end
portion of the transverse passage 211 1s provided so as to
face an opening surface of the fuel introduction hole 300. In
the present embodiment, as shown in FIG. 3, the four
transverse passages 211-1, 211-2, 211-3 and 2114 are
formed so that their upstream end portions communicate
with each other. However, these four transverse passages
211-1, 211-2, 211-3 and 211-4 can be formed separately
from each other.

In FIG. 2, the transverse passage 211, the swirl chamber
212 and the fuel 1njection orifice 220 are all formed on the
nozzle plate 21» formed by one plate member. The nozzle
plate 21 can be separated in a thickness direction, and be
formed by a plurality of plates. For instance, the transverse
passage 211 and the swirl chamber 212 are formed on one
plate, and the fuel 1njection orifice 220 1s formed on another
plate. Then, by stacking or arranging these plates in layers,
the nozzle plate 217 can be formed.

Furthermore, in the present embodiment, as shown 1n
FIG. 2, the fuel mjection orifice 220 1s formed parallel to the
center axis line 1a. However, the fuel injection orifice 220
can be formed so as to have an inclination angle that is
greater than 0° with respect to the center axis line 1a. By
differentiating an inclination direction of each fuel injection
orifice 220, the fuel can be jetted 1n a plurality of directions.

In the present embodiment, as shown 1n FIG. 3, the swirl
passage 210-1 and the fuel injection orifice 220-1 form one
tuel passage, the swirl passage 210-2 and the fuel 1njection
orifice 220-2 form one fuel passage, the swirl passage 210-3
and the fuel 1injection orifice 220-3 form one fuel passage,
and the swirl passage 210-4 and the fuel injection orifice
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220-4 form one fuel passage. The swirl passage 210-1 1s
formed by the transverse passage 211-1 and the swirl
chamber 212-1, the swirl passage 210-2 1s formed by the
transverse passage 211-2 and the swirl chamber 212-2, the
swirl passage 210-3 1s formed by the transverse passage
211-3 and the swirl chamber 212-3, and the swirl passage

210-4 1s formed by the transverse passage 211-4 and the
swirl chamber 212-4.

In the present embodiment, the four fuel passage sets,
cach of which 1s formed by the swirl passage 210 and the
tuel 1njection orifice 220, are provided on the nozzle plate
21#n. Each of these four fuel passage sets 1s formed so as to
extend radially from the center 21n0 side of the nozzle plate
21» toward an outer circumierence of the nozzle plate 21#.
That 1s, the transverse passage 211 1s provided so as to
extend radially from the center 21z0 side of the nozzle plate
21n toward the outer circumierence of the nozzle plate 21
and 1s extended in a diameter direction of the nozzle plate
21#n. Furthermore, the fuel passages are formed at angular
intervals of 90° 1n a circumierential direction.

Regarding the number of the fuel passage sets, each of
which 1s formed by the swirl passage 210 and the fuel
injection orifice 220, it 1s not limited to four and it can be
two or three, or five or more. Furthermore, only one set of
the swirl passage 210 and the fuel injection orifice 220 may
be formed.

Here, a structural relationship between the swirl chamber
212 and the fuel 1injection onfice 220 will be explained 1n
detaill with reference to FIG. 4. FIG. 4 15 a plan view
enlargedly showing a swirl chamber 212 and a fuel 1injection
orifice 220 (an enlarged plan view of IV area in FIG. 3).

The transverse passage 211 1s connected to the swirl
chamber 212 so as to be oflset with respect to a center O1
of the swirl chamber 212. One width direction end part (side
wall) 2110 of the transverse passage 211 1s connected to an
inner circumierential wall 212¢ which 1s positioned in an
upstream side 1n a flow direction of the swirl fuel, and the
other width direction end part (side wall) 211: 1s connected
to the 1inner circumierential wall 212¢ which 1s positioned 1n
an downstream side in the flow direction of the swirl fuel.
Therefore, the mnner circumierential wall (side wall) 212¢ of
the swirl chamber 212 has an opening 212co at the connec-
tion part of the transverse passage 211.

The 1nner circumierential wall 212¢ of the swirl chamber
212 15 provided so as to form a circumierence around the
entry opening 220i of the fuel injection orifice 220 so that
the fuel flowing into the swirl chamber 212 from the
transverse passage 211 swirls. That 1s, a swirl flow passage
212d for the tuel 1s formed between the inner circumieren-
tial wall 212¢ of the swirl chamber 212 and the entry
opening 220; of the fuel mjection orifice 220.

The transverse passage 211 has a rectangular 1n shape in
cross section (transverse section) that 1s perpendicular to the
extending direction of the transverse passage 211 or the tuel
flow direction. Side walls (side surfaces) 2110 and 211: and
a bottom surface 2115 of the transverse passage 211 are
formed by the nozzle plate 21». Furthermore, an upper
surface (a ceiling surface) 211u (see FIG. 2) of the transverse
passage 211 1s formed by the top end surface 157 of the valve
seat member 15.

The side wall 2110 of the transverse passage 211 1s
connected to the swirl chamber 212 at an angle 1n contact
with the inner circumierential wall 212¢ of the swirl cham-
ber 212. A downstream end of the side wall 2110 1s con-
nected to a wall starting end portion 212¢s of the inner
circumierential wall 212¢ of the swirl chamber 212.
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Furthermore, the side wall 211: of the transverse passage
211 1s connected to the swirl chamber 212 at an angle where
it intersects the mner circumierential wall 212¢ of the swirl
chamber 212. Here, “intersect’” means that the side wall 211
and 1its extension line are going across the inner circumier-
ential wall 212¢, and doesn’t include a configuration that the
side wall 2117 and 1ts extension line are in contact with the
inner circumierential wall 212¢. A downstream end of the
side wall 211i 1s connected to a wall ending end portion
212ce of the mner circumierential wall 212¢ of the swirl
chamber 212.

The wall starting end portion 212¢s of the mnner circum-
terential wall 212¢ of the swirl chamber 212 i1s an end
portion which 1s positioned in the upstream side in the swirl
direction of the tuel. The wall ending end portion 212ce of
the inner circumferential wall 212¢ 1s an end portion which
1s positioned 1n the downstream side 1n the swirl direction of
the fuel. In the wall ending end portion 212c¢e, a chamiering
portion such as an iclined or rounded portion 1s sometimes
formed. In such a case, an 1tersection point where 1magi-
nary lines which are formed by respectively extending the
inner circumierential wall 212¢ and the side wall 211
intersect each other should be defined as the wall ending end
portion (downstream side end portion) 212ce.

In the present embodiment, the inner circumierential wall
212¢ from the wall starting end portion 212c¢s of the swirl
chamber 212 to the wall ending end portion 212ce 1s formed
s0 as to be an arc shape 1n which radius R from the center
O1 of the swirl chamber 212 is constant. That 1s, the inner
circumierential wall 212¢ 1s formed by a part of a circum-
ference of a perfect circle. On the other hand, the entry
opening 220: of the fuel imjection orifice 220 has a circular
shape having a radius r smaller than the radius R of the inner
circumierential wall 212¢ of the swirl chamber 212. With
this structure, a bottom surface 21256 of the swirl flow
passage 2124 1s formed between the entry opening edge
220ic of the fuel 1njection orifice 220 and the 1nner circum-
ferential wall 212c¢ of the swirl chamber 212. Furthermore,
in case that a center axis line of the fuel injection orifice 220
inclines with respect to the bottom surface 2125, even 1f a
transverse section of the fuel injection orifice 220 has a
circular shape, the entry opening 220 1s elliptic, not circular.
Regardless of the presence/absence of inclining, the center
axis line of the tuel imjection orifice 220 passes through a
center O2 of the entry opening 220i.

FIG. 4 15 a plan view and a projection drawing where the
fuel mjection orifice 220, the swirl chamber 212, and the
transverse passage 211 are projected to a plane surface
(projection plane) vertical to the center axis line 1a of the
tuel injection valve 1. In FIG. 4, an extension line 2110/ ({irst
extension line) of the side wall 2110 of the transverse
passage 211 and an extension line 211i/ (second extension
line) of the side wall 211i are shown by projecting. The first
extension line 2110/ 1s an imaginary line extending along the
side wall 211o0. The second extension line 211i/ 1s an
imaginary line extending along the side wall 211i.

The second extension line 211:i/ divides the bottom sur-
face of the swirl chamber 212 (bottom surface 2125 of the
swirl flow passage 212d) into two arcas Al and A2. The area
Al 1s an area which 1s located in the side wall 2110 or its
extension line 2110/ side with respect to the second exten-
sion line 211i/. The wall starting end portion 212¢s of the
inner circumfierential wall 212c¢ 1s 1n the area A1, and formed
by a swirl flow passage part in the wall starting end portion
212c¢s side of the mner circumierential wall 212¢. The area
A2 1s an area positioned 1n an opposite side to the side wall
2110 or its extension line 2110/ side with respect to the
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second extension line 211:/. The area A2 1s formed by a swirl
flow passage part 1n the wall ending end portion 212ce side
of the inner circumiferential wall 212¢. Furthermore, 1t 1s
defined that the areas Al and A2 don’t include the second
extension line 211/ itself.

A part of the entry opening edge 220ic of the fuel 1njection
orifice 220 1s arranged 1n the area Al side over the second
extension line 211i/. That 1s, a part of the entry opening 220;
of the fuel injection valve 220 opens toward the area Al side.

In the present embodiment, the center O2 of the entry
opening 200; of the fuel injection orifice 220 1s positioned on
the second extension line 211i/. Because of this, the entry
opening 220i of the fuel mjection orifice 220 1s protruded
toward the area Al side over the second extension line 211i/
by the radius r of the fuel injection orifice 220. Therefore, the
entry opening edge 220ic of the fuel injection orifice 220
intersects with the second extension line 220i/ at two points

220ia and 220ib. That 1s, the entry opening 220; of the fuel

injection orifice 220 1s arranged so that the second extension
line 220i/ and the entry opening edge 220ic of the tuel
injection orifice 220 are intersected at the two points 220ia
and 220ib. Furthermore, a protrusive degree of the entry
opening 220; toward the area Al side 1s not limited to the
s1ze ol the radius r of the fuel injection orifice 220. The
protrusive degree may be bigger than the radius r and may
be smaller than the radius r.

In the present embodiment, 1n addition, the center O2 of
the entry opening 200; of the fuel injection orifice 220 1s
arranged at a position which 1s shifted from the center O1 of
the swirl chamber 212 in a direction along the second
extension line 211i/. That 1s, the center O2 of the entry
opening 220i of the fuel imjection orifice 220 1s eccentric
with respect to the center O1 of the swirl chamber 212.

Here, divisions of the swirl chamber 212, which are
different from the area Al and A2, will be explained. First,
a line segment L1, which pass through the center O1 of the
swirl chamber 212 and 1s perpendicular to the second
extension line 211, 1s imaged. Next, the swirl chamber 212
1s divided 1nto two areas A3 and A4 by the line segment L1.
The area A3 1s a division opposite to a side where the
transverse passage 211 1s connected with respect to the line
segment LL1. The area A4 1s a division 1n a side where the
transverse passage 211 1s connected with respect to the line
segment 1. The areca A4 1s formed of an uppermost
upstream side section and a lowermost downstream side
section of the swirl tlow passage 212d. The area A3 1s
formed of a middle flow passage section of the swirl tlow
passage 212d. Furthermore, 1t 1s defined that the areas A3
and A4 don’t include the line segment L1 1tself.

A shifting direction of the center O2 1s a direction along
the second extension line 211i/ and 1s 1 a side of an
intersection point 212¢f positioned 1n an opposite side to the
wall ending end portion 212ce of the mner circumierential
wall 212¢ across the entry opening 220: of the fuel injection
orifice 220. The ntersection point 212¢f 1s the intersection
point of the second extension line 211i/ and the inner
circumierential wall 212c.

In the present embodiment, as the center O1 of the swirl
chamber 212 and the center O2 of the entry opening 220i are
arranged on the second extension line 211/, the center O2 of
the entry opening 220; exists at a position which 1s shifted
from the center O1 of the swirl chamber 212 toward the
intersection point 212¢f on the second extension line 211/
Furthermore, on the second extension line 211/, the center
O2 of the entry opening 210: 1s arranged 1n the area A3 near
to the 212¢f side than the center O1, which 1s a center point
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dividing a distance between the intersection point 212¢f and
the wall ending end portion 212ce 1nto two equal parts.

However, the shifting direction of the center O2 1s not
limited to the direction disclosed 1n the present embodiment,
and may be disposed so that the center O2 of the entry
opening 220i 1s positioned 1n the area A3. In this case, a line
segment (1maginary line segment) L2, which passes through
the center O2 of the entry opening 220; and 1s perpendicular
to the second extension line 211i/, doesn’t overlap with the
imaginary line segment .1 and 1s parallel to the imaginary
line segment 1. That 1s, there 1s a substantially distance
between the imaginary line segment L1 and the imaginary
line segment L2, and they have a parallel relationship each
other. Here, the term *“there 1s a substantially distance”
means that a case that the distance 1s zero 1s not included.

As compared with a case that the center O2 of the entry
opening 220 of the fuel injection orifice 220 corresponds to
the center O1 of the swirl chamber 212, the center O2 1s
arranged 1n the intersection point 212¢f side. Therefore, 1n a
flow passage width W21 and a flow passage width W22,
which are formed 1n both sides of the entry opening 220; in
the direction of the second extension line 211;i/, the flow
passage width W22 1s narrower than the tlow passage width
W21. The flow passage width W21 corresponds to a distance
between the wall ending end portion 212ce, which 1s an
imaginary intersection point of the second extension line
211;/ and the mner circumierential wall 212¢; and a first
intersection point 220ia of the second extension line 211/
and the entry opening edge 212ic. The flow passage width
W22 corresponds to a distance between a second intersec-
tion point 220ib of the second extension line 211i/ and the
entry opening edge 212ic; and the intersection point 212¢f of
the second extension line 211i/ and the 1nner circumierential
wall 212¢, the intersection point 212¢f being in the wall
starting end portion 212c¢s side.

A fuel flow, which flows into the fuel injection orifice 220
from the swirl chamber 212 and 1s jetted from the fuel
injection orifice 220, will be explained with reference to
FIG. 5. FIG. § 15 a drawing showing an analytical result of
a fuel flow at a cross section taken along a line V-V 1n FIG.
4.

The fuel flow flowing 1nto the swirl chamber 212 from the
transverse passage 211 flows along the mnner circumierential
wall 212¢ of the swirl chamber 212, and swirls around the
entry openming 220; of the fuel injection orifice 220. At this
stage, the fuel 1s provided with the swirl force. The fuel flow
provided with the swirl force tlows into the fuel imjection
orifice 220 while swirling. The fuel jetted from the fuel
injection orifice 220 forms a liquid film while keeping the
swirl force, and further spreads as a droplet state. Atomized
fuel spray 1s then formed.

In the present embodiment, the entry opening 220; of the
fuel 1njection orifice 220 1s formed so as to protrude toward
the area Al side over the extension line 211/ of the side wall
211, so a part of fuel flowing into the swirl chamber 212
from the transverse passage 211 flows 1nto the fuel 1njection
orifice 220 without swirling in the swirl chamber 212. That
1s, the fuel tends to flow into the fuel 1njection orifice 220.
A tendency of flowing into the fuel mjection orifice 220 in
a fuel flow can be adjusted by moditying a protruding degree
toward the area Al side in the fuel injection orifice 220.
Thereby, a flow volume of a fuel flowing into the fuel
injection orifice 220, that 1s, imjection amount can be
adjusted. Generally, when the protruding degree toward the
area Al side 1s 1ncreased, the flow volume of fuel tlowing
into the fuel imection orifice 220 (1njection amount) 1s
increased.
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In FIG. 5, as a shade of an arrow showing the fuel flow
becomes darker, the flow velocity increases. In the present
embodiment, 1n a 501 side where the fuel flows 1into the tuel
injection orifice 220 without suthiciently swirling in the swirl
chamber 212, a fuel velocity 1n an axial direction of the fuel
injection orifice 220 (axial direction velocity) 1s large, and a
tuel spray with strong penetration force 1s formed. Further-
more, 1 the 501 side, a spray angle 1s small, and penetration
1s long. On the other hand, in a 502 side, a fuel tlow which
has gotten a swirl force by swirling in the swirl chamber 212
1s jetted from the fuel injection orifice 220. Theretfore, as
compared with i the 501 side, in the 502 side, an axial
direction velocity of the fuel 1s small, and a fuel spray with
weak penetration force 1s formed. Furthermore, as compared
with 1n the 501 side, 1n the 502 side, the swirl force 1s strong,
so the spray angle 1s large, and the penetration 1s short.

Furthermore, 1n the present embodiment, the center O2 of
the entry opening 220i of the fuel injection orifice 220 1s
shifted from the center O1 of the swirl chamber 212 to be
arranged 1n the area A3 shown 1n FIG. 4. That 1s, the center
02 of the entry opening 220: of the fuel injection orifice 220
1s arranged at a position shifted from the center O1 of the
swirl chamber 212 toward the intersection point 212¢f side
in a direction along the second extension line 211i/. By
adjusting a shift amount 1n the direction along the second
extension line 211i/ from the center O1 of the swirl chamber
212, the spray angle of the fuel spray can be adjusted.

Furthermore, 1n a comparison between flow velocity of
the fuel flow F2 and flow velocity of the fuel tlow F1, the
flow velocity of the fuel tlow F2 i1s faster than the flow
velocity of the tuel flow F1. The fuel flow F1 1s a tlow that
the fuel flowed 1nto the swirl chamber 212 tries to tlow 1nto
the fuel 1nJect10n orifice 220 in further upstream side. The
tuel flow F2 1s a flow that the fuel flowed into the swirl
chamber 212 tries to tlow into the fuel injection orifice 220
in further downstream side.

The fuel flow having a fast fuel velocity can be flowed
into the fuel mjection orifice 220 by shifting the center O2
of the entry opening 220: of the fuel injection orifice 220
toward the area A3 side with respect to the imaginary line
segment LL1. Because of this, rectilinearity of the fuel flow
inside the fuel 1injection orifice 220 increases, and velocity
component 1n a direction of a center axis line 220c1 of the
tuel injection orifice 220 gets large. The rectilinearity of the
tuel flow 1nside the fuel mjection orifice 220 increases, and
thereby the spray angle of the fuel spray jetted from the fuel
injection orifice 220 can be narrow. Therefore, the present
embodiment 1s available 1n case that not only adjustment of
the spray angle 1in the fuel spray but also the fuel spray with
a narrow spray angle 1s required.

Here, a fuel liquid film distribution formed in the fuel
injection orifice 1n the present embodiment will be explained
with reference to FIG. 6 and FIG. 7. FIG. 6 15 a longitudinal
section drawing (a cross section taken along a V-V line 1n
FIG. 4) showing a fuel liquid film distribution 1n an inside
of the fuel injection onfice and a vicimty thereof, when
arranging an entry opening of the fuel injection orifice 1n a
center of the swirl chamber. FIG. 7 1s a longitudinal section
drawing (a cross section taken along a V-V line i FIG. 4)
showing a fuel liquid film distribution 1n an 1side of the fuel
injection orifice and a vicinity thereof, when arranging an
entry openming to be shifted to area A3 side from the center
of the swirl chamber. Furthermore, 1in FIG. 6 and FIG. 7, a
state of the liquid film 1s shown with two kinds of shade. A
dark part 1s where a proportion of the fuel 1s 100%, and a
pale part 1s where the proportion of the fuel 1s less than 100%
because air 1s mixed therein.
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In both of FIG. 6 and FIG. 7, the fuel liquid film of the 501
side 1s thicker as compared with the fuel liquid film of the
502 side.

However, 1n comparison between FIG. 6 and FIG. 7, 1t 1s
found that the liquid film 1n the 502 side 1s very thin nside
the fuel injection orifice 220 1n FIG. 7, with respect to FIG.
6. Conversely, in the 501 side, the fuel flowing amount to the
tuel 1mjection orifice 220 increases, so the fuel liquid film
gets thick. Furthermore, rectlinearity of the fuel flowing into
the fuel injection orifice 220 increases, so the fuel spray
travel gets long. The 501 side 1s located in the upstream side
with respect to the 502 side 1n the swirl direction of the fuel.

Change rates of a fuel injection amount (flow volume) and
spray angle in the present embodiment will be explained
with reference to FIG. 8 and FIG. 9. FIG. 8 1s a drawing
showing an analytical result of a change rate of tlow volume
in the present embodiment, when a position of the entry
opening of the fuel injection orifice 1s changed. FIG. 9 15 a
drawing showing an analytical result of a change rate of
spray angle 1n the present embodiment, when a position of
the entry opening of the fuel mjection orifice 1s changed.
Furthermore, in FIG. 8 and FIG. 9, the horizontal axis
represents a ratio of a shift amount 1n an opening position of
the entry opeming 220i with respect to a diameter of the swirl
chamber 212.

As found from FIG. 8 and FIG. 9, when the opening
position of the entry opening 220; 1s shifted, the spray angle
largely changes, but the flow volume hardly changes. That
1s, according to the structure of the present embodiment,
even 1 the spray angle 1s adjusted after the fuel 1njection
amount 1s adjusted, the spray angle can be adjusted without
changing the fuel injection amount. Furthermore, from FIG.
9, 1t 1s Tound that the spray angle gets narrow by shifting the
center O2 of the entry opening 220; toward the area A3 side.

In the present embodiment, it 1s possible to adjust the
spray angle 1n the fuel spray by shifting the center O2 of the
entry opening 220i toward the area A3 and arranging 1t, after
the fuel 1njection amount i1s determined by adjusting the
protrusive degree of the entry opening 220; of the fuel
injection orifice 220 toward the area Al side. Therefore, to
adjust the fuel 1injection amount and the spray angle 1s made
to be easy, so design freedom of the tuel injection valve can
be 1mproved.

In a comparative example, a fuel flow, which flows 1nto
the fuel injection orifice 220" from the swirl chamber 212
and 1s jetted from the fuel injection orifice 220', will be
explained with reference to FIG. 10 and FIG. 11. FIG. 10 1s
a plan view showing a configuration of a transverse passage,
a swirl chamber, and a fuel 1njection orifice in a comparative
example. FIG. 11 1s a drawing showing an analytical result
of a fuel flow at a cross section taken along a line VII-VII
in FIG. 10.

As for the comparative example shown 1 FIG. 10, the
whole of an entry opening 220:' of the fuel mjection orifice
220" 1s located at the area Al side with respect to the
extension line (second extension line) 211i/ of the side wall
211;. That 1s, the second extension line 211i/ doesn’t inter-
sect the opening edge 212ic' of the entry opening 220:. In
this case, the fuel flow provided with the swirl force flows
throughout an entire circumierence of the entry opemng
2207 of the fuel 1mjection orifice 220'. Because of this, 1n the
case of the comparative example, as shown 1n FIG. 11, as the
spray form, the spray angle and the fuel flow Velocity n a
701 side and the spray angle and the fuel flow velocity 1n a
702 side are equal to each other.

In the present embodiment, in the 501 side, since the swirl
force of the fuel flow 1s weak, an atomization effect using the
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swirl force 1s reduced. However, since the center axis 220/c/'
direction velocity 1s high, an atomization performance can
be prevented from lowering, or can be kept or improved by
using Irictional heat between the fuel flow and the arr.
Accordingly, 1n the present embodiment, 1t 1s possible to
readily adjust the fuel imjection amount while suppressing,
the lowering of the atomization performance. Furthermore,
as described above, although the spray form of the fuel (the
angle and size of the spray or droplet) 1s changed, as
compared with a case where cross-sectional areas of the
transverse passage 211 and the fuel mjection onfice 220 are
changed 1n order to adjust the fuel flow volume, a change
amount of the spray form can be small.

The entry opening 212i of the fuel injection orifice 220 1s
protruded toward the area Al side, and the protrusive degree
1s modified. Thereby, the fuel injection amount can be
adjusted. Here, when to adjust the spray angle 1s required,
the protrusive degree to the area A1l side in the entry opening,
212i 1s modified in order to adjust the spray angle, and
thereby, the fuel 1injection amount 1s also changed. If design
of an orifice diameter of the fuel 1mjection orifice, length of
the fuel 1mection orifice, a size (diameter) of the swirl
chamber, etc. 1s redone in order to adjust both of the fuel

injection amount and the spray angle, considerable labor and
time are needed.

Hereinaiter, a modified example where the shape of the
swirl chamber 212 according to the present invention will be
explained with reference to FIGS. 12 to 14.

In FIG. 4, the inner circumierential wall 212¢ of the swirl
chamber 212 1s formed 1nto a perfect circle. However, as
shown 1n FIG. 12 to FIG. 14, the inner circumierential wall
212¢ of the swirl chamber 212 may be formed 1nto a spiral
shape such as a spiral curve or an mvolute curve. Further-
more, 1n case that the inner circumferential wall 212¢ 1s
formed with the spiral curve, the center O1 of the swirl
chamber 212 corresponds to a swirl center of the spiral
curve. Furthermore, 1n case that the inner circumiferential
wall 212¢ 1s formed with the involute curve, the center O1
of the swirl chamber 212 corresponds to a center of a base
circle. In this manner, the center O1 of the swirl chamber
212 1s defined as a geometric center or a center of circle set
for construction.

FIG. 12 1s a plan view enlargedly showing a swirl
chamber and a fuel 1mjection orifice 1n an example where a
s'lape of the swirl chamber 1s modified (the enlarged plan
view of IV area i FIG. 3).

The inner circumierential wall 212¢ of the swirl chamber
212 1n the present embodiment 1s formed with a spiral curve
or an mvolute curve. The second extension line 211:/, the
areas Al to A4, and the imaginary line segments L1, L2 are
defined as well as i FIG. 4. In FIG. 12, the entry opening
220: 1n case that the center O2 of the entry opening 220i of
the tuel injection orifice 220 1s arranged on the center O1 of
the swirl chamber 212 1s shown with a broken line.

The entry opening 220; of the fuel injection orifice 220 1s
protruded toward the area Al side over the second extension
line 211i/. Therefore, the second extension line 211i/ inter-
sects with the entry opening edge 220ic of the fuel 1njection
orifice 220 at two intersection points 220ia and 220ib.

Furthermore, the center O2 of the entry opening 220i of
the fuel myection orifice 220 1s located at a position sepa-
rated from the center O1 of the swirl chamber 212, and
arranged 1n the area A3. As well as i FIG. 4, there 15 a
substantially distance between the imaginary line segment
L1 and the imaginary line segment .2, and they have a
parallel relationship each other.
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Although the center O2 of the entry opening 220; is
arranged 1n the area A3, 1t 1s disposed 1n the intersection
point 212¢i side with respect to a center point O4 which
divides a distance between the intersection point 212¢g and
the intersection point 212¢i ito two equal parts on the line
segment 4. The line segment L4 1s an imaginary line
segment which passes through the center O1 of the swirl
chamber 212 and the center O2 of the entry opening 2201,
and 1s parallel to the second extension line 211i/. Although
there 1s no need that the 1imaginary line segment L4 and the
second extension line 211:i/ are parallel each other, herein-
aiter the case where the imaginary line segment L4 and the
second extension line 211i/ are parallel each other will be
explained.

In the present example, the center O2 of the entry opening,
220 1s located at a position separated from the center O1 of
the swirl chamber 212, and arranged 1n the area A3. How-
ever, 1n flow passage width W21 and W22, which are formed
in both sides of the entry opening 220; on the second
extension line 211/, the flow passage width W22 1s larger
than the tlow passage width W21. The flow passage width
W21 1s a gap (distance) between the wall ending end portion
212¢ce and the intersection point 220ia. The tlow passage
width W22 1s a gap (distance) between the intersection point
220ib and the intersection point 220cf. The wall ending end

portion 212ce and the intersection points 220ia, 220ib, 220c¢f
are defined as well as 1 FIG. 4.

In flow passage width W31 and W32, which are formed
in both sides of the entry opeming 220; on the imaginary line
segment 14, the flow passage width W32 1s larger than the
flow passage width W31. The flow passage width W31 i1s a
gap (distance) between the itersection point 212¢i and the
intersection point 220if. The flow passage width W32 is a
gap (distance) between the intersection point 220id and the
intersection point 220cg. The intersection points 212¢g and
212c¢i are intersection points of the imaginary line segment
[.4 and the mner circumferential wall 212¢. The intersection
points 212id and 212if are intersection points of the 1magi-
nary line segment L4 and the entry opening edge 220ic.

Furthermore, 1n the present example, a flow passage width
W11 and W12, which cannot be defined in FIG. 4, can be

defined. The flow passage width W11 and W12 are formed
in both sides of the entry opening 220: on a line segment L5.
The flow passage width W12 1s larger than the flow passage
width W11. The line segment L5 1s an imaginary line
segment which passes through the center O2 of the entry
opening 220; and the center 2170 of the nozzle plate 21x.
The tlow passage width W11 1s a gap (distance) between the
intersection point 212¢j and the intersection point 220ig. The
flow passage width W12 1s a gap (distance) between the
intersection point 212ie and the intersection point 220c/.
The intersection points 212¢/2 and 212¢j are intersection
points of the imaginary line segment L4 and the inner
circumierential wall 212¢. The intersection points 220ie and
220ig are intersection points of the imaginary line segment
.4 and the entry opening edge 220ic.

Also according to the structure of the present example, the
same ellect as the structure in FIG. 4 can be obtained.

FIG. 13 1s a plan view showing an example where a
position of the fuel myection valve with respect to the swirl
chamber 1s changed 1n the modified example of FIG. 12. The
second extension line 211i/, the areas Al to A4, and the
imaginary line segments L1, 1.2 are defined as well as 1n

FIG. 4. Furthermore, the imaginary line segments 1.4, L5,
and the flow passage width W11, W12, W21, W22, W31,

W32 are defined as well as in FIG. 12.
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In the present example, the center of the fuel 1njection
orifice 220 1s further shifted from a position of the center O2
to a position of the center O3. In FIG. 13, the entry opening
220i 1n case that the center of the entry opening 220 of the
tuel 1mjection orifice 220 1s located at the position of O2 1n
FIG. 12 1s shown with a broken line. Furthermore, the line
segment L3 1s an mmaginary line segment which passes
through the center O3 of the fuel injection orifice 220 and a
perpendicular line segment to the second extension line
2111/,

The center O3 of the entry opening 220i 1s arranged in the
area A3 and 1n the mtersection point 212¢f side with respect
to the center O4, which divides a distance between the
intersection point 212¢f and the wall ending end portion
212ce mto two equal parts on the line segment 1.4,

In the present example, the flow passage width W22 1s
smaller than the flow passage width W21. The flow passage
width W12 1s smaller than the flow passage width W11. The
flow passage width W32 1s smaller than the flow passage
width W31. In this manner, even 1f the inner circumierential
wall 212c¢ of the swirl chamber 212 1s formed with a spiral
curve or an involute curve, 1t i1s possible that the flow
passage width W12, W22, or W32 1s small with respect to
the flow passage width W11, W21, or W3l1.

Also according to the structure of the present example, the
same eflect as the structure in FIG. 4 can be obtained.

FIG. 14 1s a plan view enlargedly showing the swirl
chamber and the fuel injection onfice in the example where
the shape of the swirl chamber 1s further modified (the
enlarged plan view of IV area in FIG. 3). The second
extension line 211i/, the areas Al to A4, and the imaginary
line segments .1, L2 are defined as well as in FIG. 4.
Furthermore, the imaginary line segments 1.4, L5, the tlow

passage width W11, W12, W31, W32, and the center point
O4 are defined as well as 1n FIG. 12.

The 1mnner circumierential wall 212¢ of the swirl chamber
212 1n the present example 1s formed with a spiral curve or
an nvolute curve. However, the whole of an entry opening
220: of the fuel injection orifice 220 1s formed in the center
O1 side of the swirl chamber 212 with respect to the second
extension line 211i/.

In such a form, the flow passage width W21 and W22
cannot be defined. However, the flow passage width W11,
W12, W21, and W22 can be defined as well as 1in FIG. 12
and FIG. 13. Furthermore, 1n the flow passage width W11
and W12, the flow passage width W12 can be large or small
with respect to the tlow passage width W11. Furthermore, in
the flow passage width W31 and W32, the flow passage
width W32 can be large or small with respect to the flow
passage width W31. Regarding to the large/small relation
among the flow passage width W11, W12, W21, and W22,
the relation 1s determined depend on a positional relation of
the center O2 of the entry opening 220; with respect to the
center point O4, and 1s the same relation as mn FIG. 12 and
FIG. 13.

In the case of the present example, an effect of adjusting
a tlow volume depending on protruding the entry opening
220i of the fuel 1njection ornifice 220 toward the area Al side
cannot be obtained. However, by arranging the center of the
entry opening 220i of the fuel injection orifice 220 1n the
area A3 side, an eflect of narrowing the spray angle or an
cllect of adjusting the spray angle can be obtained.

Furthermore, all of the line segments L1 to L5 described
above are straight lines.

In a comparative example 1n FIG. 10, the entry opening,
220:' of the fuel mjection orifice 220" 1s arranged so that 1ts
center O2' corresponds to the center O1' of the swirl cham-
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ber 212'. Thereby, it 1s possible to maximize a velocity
component in the swirl direction of the fuel flowing into the
fuel 1njection orifice 220'. On the other hand, 1n the embodi-
ment and the modified example described above, the center
02 of the entry opening 220i 1s shifted from the center O1
(first position) of the swirl chamber 212 to a second position,
and arranged. The first position 1s where the velocity com-
ponent in the swirl direction of the fuel can be maximized.
The second position 1s where the velocity component in the
swirl direction 1s reduced, and where a velocity component
in a center axis line 220¢/ direction of the fuel injection
orifice 220 1s enhanced. Thereby, rectilinearity of the fuel
having flowed into the fuel injection orifice 1s improved, so
the spray angle can be made narrow.

The mternal combustion engine 1n which the fuel 1njec-
tion valve of the present invention 1s mounted will be
explained with reference to FIG. 15. FIG. 15 1s a cross
section of the iternal combustion engine in which the fuel
injection valve 1 1s mounted.

A cylinder 102 1s formed in an engine block 101 of an
internal combustion engine 100, and an 1ntake port 103 and
an exhaust port 104 are provided at a top of the cylinder 102.
The itake port 103 1s provided with an intake valve 105 that
opens/closes the intake port 103. The exhaust port 104 1s
provided with an exhaust valve 106 that opens/closes the
exhaust port 104. An intake pipe 108 1s connected to an entry
side end portion 107a of an intake passage 107 that 1s
formed at the engine block 101 and communicates with the
intake port 103.

A tuel pipe 110 1s connected to the tuel supply port 2 (see
FIG. 1) of the fuel mnjection valve 1.

A fixing portion 109 for the fuel imection valve 1 1is
formed at the intake pipe 108, and the fixing portion 109 is
provided with an insertion port 1094 into which the fuel
injection valve 1 1s mserted. The msertion port 109a pen-
ctrates the intake pipe 108 up to an inner wall surface (intake
passage) of the intake pipe 108, and the fuel jetted from the
fuel 1jection valve 1 inserted 1n the insertion port 1094 1s
jetted into the intake passage. In a case of two-direction
spray, a target 1s an internal combustion engine having a
form where two intake ports 103 are provided at the engine
block 101, and the fuel sprays are injected toward each
intake port 103 (each intake valve 105).

The present invention 1s not limited to the above embodi-
ment or modification example although having been
explained above on the basis of them. Therefore, a part of the
configuration could be removed, or another element that 1s
not disclosed in the above embodiment or modification
example could be added. Furthermore, in the embodiment
and the modification example, the element that 1s disclosed
in the above embodiment or modification example can be
changed or added.

The mmvention claimed 1s:

1. A fuel mjection valve comprising:

a valve body;

a fuel mjection orifice provided 1n a downstream side of

a valve seat which the valve body is structured to move

toward and away from:;

a swirl chamber having a bottom surface on which an
entry opening of the fuel 1mnjection orifice 1s configured
to open and an 1nner circumierential wall surrounding
the bottom surface, the swirl chamber having:

a swirl passage for fuel, the swirl passage formed
between the mner circumierential wall and the entry
opening; and

a transverse passage whose downstream end 1s opened
in the inner circumierential wall of the swirl chamber
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in order to provide the fuel into the swirl chamber,
the transverse passage having:

one side wall connected to an upstream side of the
inner circumierential wall 1 a flow direction of

swirling fuel; and :

another side wall connected to a downstream side of

the inner circumierential wall 1n the flow direction
of the swirling fuel, and

wherein an extension line formed by extending the 10
another side wall of the transverse passage to a swirl
chamber side, and a straight line segment passing a
center of the swirl chamber and being perpendicular to
the extension line are arranged such that a center of the
entry opening of the fuel injection orifice 1s shifted
from the center of the swirl chamber along the exten-
sion line, and 1n two areas formed by dividing the swirl
chamber into two with the straight line segment, the
center of the entry opening of the fuel mjection orifice 20
1s arranged 1n an area opposite to an area to which the
transverse passage 1s connected.

15
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2. The fuel injection valve as claimed 1n claim 1, wherein:

a first line segment passing the center of the entry opening,
and parallel to the extension line intersects with an
opening edge of the entry opening at two points.

3. The fuel injection valve as claimed 1n claim 2, wherein:

a first tlow passage width and a second flow passage width
are formed at respective sides of the entry opening on
the first line segment, and

the first tlow passage width, which 1s at the upstream side
in the flow direction of the swirling fuel, 1s smaller than
the second tlow passage width, which is at the down-
stream side 1n the flow direction of the swirling fuel.

4. The fuel injection valve as claimed 1n claim 3, wherein:

the inner circumferential wall of the swirl chamber has an
arc surface having a constant radius.

5. The fuel injection valve as claimed 1n claim 4, wherein:

the center of the swirl chamber 1s on the first line segment,
and the first line segment corresponds with the exten-
sion line.

6. The fuel 1njection valve as claimed 1n claim 2, wherein:

the inner circumierential wall of the swirl chamber 1s
formed with a spiral curve or an involute curve.

G ex x = e



	Front Page
	Drawings
	Specification
	Claims

